Recolonisation of soil by macrofauna (especially ants, termites, and earthworms) in 15 rehabilitated open-cut mine sites is inevitable. In these highly disturbed landscapes, soil 16 invertebrates play a major role in soil development (macropore configuration, nutrient 17 cycling, bioturbation, etc.) and can influence hydrological processes such as infiltration and 18 seepage. Understanding and quantifying these ecosystem processes is important in 19 rehabilitation design, establishment and subsequent management to ensure progress to the 20 desired end-goal, especially in waste cover systems designed to prevent water reaching and 21 transporting underlying hazardous waste materials. However, soil macrofauna are typically 22 overlooked during hydrological modelling, possibly due to uncertainties on the extent of their 23 influence, which can lead to failure of waste cover systems or rehabilitation activities. We 24 propose that scientific experiments under controlled conditions and field trials on post-mining 25 lands are required to quantify (i) macrofauna -soil structure interactions, (ii) functional 26 dynamics of macrofauna taxa, and (iii) their effects on macrofauna and soil development over 27 time. Such knowledge would provide crucial information for soil water models, which would 28 2 increase confidence in mine waste cover design recommendations and eventually lead to 1 higher likelihood of rehabilitation success of open-cut mining land. 2 3
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Introduction 4
In land restoration, practitioners are principally concerned with the residual physical 5
properties of reconstructed landscape components and their assembly to either resemble the 6 original configurations or in developing novel designs that achieve acceptable functional 7 outcomes (sensu lato ecological engineering by Mitsch & Jorgensen (1989) ). Typically, the 8 impact of macrofauna (e.g., ants and termites, earthworms) on soil structure is scarcely 9 recognised by these ecological engineers and soil scientists, despite recognition by soil 10 ecologists and entomologists that soil macrofauna significantly contribute to ecosystem 11 services such as soil formation, water availability for vegetation, or flood and erosion control 12 (Lavelle et al., 2006) , and soil development (Bottinelli et al., 2015) . This omission of 13 macrofauna from landscape design may in part be due to the current lack of quantitative 14 knowledge of their role in the nature and timing of significant alterations to soil physical 15
properties (e.g. the formation of macropores and soil aggregates) at the landscape scale, and Both biotic (e.g., fauna, vegetation, microbes) and abiotic (e.g., water, soil material, 26 meteorological variables) ecosystem components are fundamental drivers of material and 27 energy cycles, and thereby govern ecosystem structure and function. During open-cut mining, 28 many ecosystem components, including these material and energy cycles, undergo significant 29 physical and chemical disturbances and may be irreversibly disrupted to at least some extent 30 ( Fig. 1) . 31 After mining activities are complete, the topography and physical soil properties are re-1 constructed in an attempt to establish the foundation of a self-sustaining ecosystem. At this 2 initial stage and at the landscape scale, soil biodiversity is reduced and/or disrupted to an 3 extent that could almost be referred to as 'sterile' (Rives et al., 1980; Miller et al., 2011) . In 4 addition to this initial sterile conditions, open-cut mining often results in the generation of 5 hazardous wastes in the form of either coarse-grained waste rock that is separated before 6 mineral processing, or of fine-grained processing wastes (tailings) (Lottermoser, 2010) . These 7 waste materials are then deposited at the mine site and require rehabilitation. One form of 8 rehabilitation that is increasingly accepted for closure of mining waste facilities is the use of 9 of secondary pore systems is common (e.g., in waste rock materials), multimodal soil-water 22 retention curves are an appropriate means to describe soil moisture and hydraulic conductivity 23 characteristics in relation to soil water pressure conditions (Durner, 1994) . Hence at the early 24 stage of soil reconstruction, model uncertainty is relatively low (Fig. 2) because the models 25 include well quantified soil parameters, and in reality, macrofauna contribute minimally to the 26 hydraulic soil properties. However, even at a low level of complexity, these models tend to 27 lose their predictive power over time due to pedological processes that may be ignored in the 28 initial soil water model, but later lead to significant material changes such as increasing 29 saturated hydraulic conductivities (Fourie and Tibbett, 2007), particularly in layers of low 30 permeability (Taylor et al., 2003) . Even more critical is the lack of quantitative knowledge 31 about the role of macrofauna processes for soil hydraulic properties at subsequent stages of 32 soil reconstruction. Any empirical data, be it in form of manipulative experiments under 1 controlled conditions or in-situ field trials, would make a significant contribution to integrate 2 the temporal impact of macrofauna on soil development into numerical soil water models. 3
Although this integration increases model complexity and thereby model uncertainty, it can 4 result in more predictive power and confidence if these interactions are well quantified 5 (Arnold et al., 2012a) . In this regard, more complex models provide the opportunity to include 6 the temporal changes in soil material properties due to pedological and biological processes. 
Conclusions and further directions 19
Soil colonisation by macrofauna such as ants and termites on post-mining rehabilitation sites 20 is inevitable. Due to the significant effects of these macrofauna on soil structure, we conclude 21 that macrofauna need to be considered by ecological engineers when designing and 22
reconstructing lands after open-cut mining. In this regard, rehabilitation plans should include 23 numerical soil water models that consider the temporal evolution of (i) macrofauna -soil 24 structure interactions, and (ii) feedbacks between macrofauna taxa, and macrofauna and soil 25 development over time. 26 We suggest two alternative approaches to collect empirical data ( Table 1) 1995), where an ant nest is transplanted (including queen and workers) and food, water and 1 nesting resources provided. Predefined water regimes could then be administered to simulate 2 rainfall events, while the temporal dynamics of soil water potential and content are monitored 3 across the soil profile. Similarly, these small scale experiments are suitable for assessing the 4 colonisation rates and environmental conditions (e.g., pH, temperature, humidity, soil water 5 content) required to colonise soils by ants. At a larger investigative scale (Table 1) open-cut mining lands may provide ideal environments, because the physical properties of re-10 constructed soils are fundamentally different (and less complex) from those of degraded but 11 physically intact soils. 12
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The authors would like to thank David Doley for critical discussions and encouragement to 14 publish this paper, as well as the two anonymous reviewers for constructive comments. available water is lowest for traditional models that only consider abiotic soil components, 5 these models may also have low predictive power due to omission of critical macrofauna -6 soil structure interactions. Integration of biotic components and feedbacks between 7 macrofauna taxa, and macrofauna and soil development increases model complexity and 8 thereby uncertainty. However, quantification of macrofauna -soil interactions by controlled 9 scientific experiments reduces these uncertainties, thereby increasing the predictive power to 10 a level acceptable to assess the risk of potential failure of post-mining land rehabilitation. 11 12
